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The control of primordial follicle recruitment into the growing follicle population is a major limiting process in female reproduction. In order to
gain insight into the molecular processes occurring at the time of primordial follicle activation, a subtractive hybridization analysis was performed
between cDNAs prepared from temporally distinct mouse neonatal ovarian tissues that differed according to the state of primordial follicle
activation. One highly represented clone associated with activation was an Mt retrotransposon-like sequence designated Mtfull, which was
subsequently cloned and determined to be novel and restricted in expression to the ovary. The polyadenylated 1684-bp sequence has long terminal
repeats, is predicted to be noncoding, and is the predominant Mti-related sequence present in the mouse ovary. In situ hybridization further
localized Mtfull expression to the oocyte and confirmed that expression is concomitant with follicle activation. Together with in silico data, we
predict Mtfull plays an essential role in folliculogenesis through regulation of gene expression.
D 2005 Elsevier Inc. All rights reserved.Keywords: Mti; Primordial follicle; RetrotransposonIntroduction
The mammalian ovary contains a finite number of oocytes,
the number of which is determined during oogenesis in fetal
life. As most of these oocytes are destined to undergo apoptosis,
the initial primordial follicle pool represents a valuable resource
for the clinical manipulation of the female germ cell pool. The
events underlying the development of the immature ovary
remain poorly defined, in particular the activation of the
‘‘quiescent’’ primordial follicle into the growing follicle pool.
The primordial ovarian follicle is arrested at the diplotene stage
of prophase I in the first meiotic division and may remain in this
state for the reproductive lifespan of the female [1,2].
The initiation of follicle growth is characterized by an
increase in oocyte cytoplasmic volume and the differentiation
of the somatic cells surrounding the oocyte, the granulosa cells.0888-7543/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygeno.2005.08.015
i Sequence data from this article have been deposited with the GenBank Data
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E-mail address: janet.holt@studentmail.newcastle.edu.au (J.E. Holt).Initially squamous, these cells become cuboidal and begin
dividing, while maintaining essential bidirectional communi-
cation with the oocyte [3–5]. Despite the relatively static
nature of a meiosis-arrested nucleus, the primordial follicle still
actively synthesizes RNA and protein [6,7].
Retrotransposon sequences detected in various tissues are
often ignored; however, evidence is accumulating for their
expression in germ cells, suggesting that they may have
developmentally important roles. Retroelements may be
classed into two categories, the long-terminal repeat (LTR)
and non-LTR elements; however, a feature of both groups is the
ability to integrate into a host genome by the reverse
transcription of an RNA intermediate molecule either autono-
mously, if they code for reverse transcriptase (RT), or non-
autonomously using transcript-extraneous machinery. LTR
retrotransposons are predicted to constitute approximately
10% of the mouse genome [8].
The transcription of transposable elements (TEs) during
mouse embryogenesis has been well documented from the one-
cell stage [9], at the time of embryonic genome activation at the
two-cell stage [10], and in later stages of embryogenesis6) 490 – 499
www.el
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of such elements at different stages of the female germ cell
development, especially the oocytes of early follicles. Analyses
of full-grown oocyte cDNA libraries have shown that TEs
make up a significant proportion of oocyte mRNAs with Mt
family members accounting for over 12% of the cDNA pool
[13].
The ‘‘Mt’’ family was first characterized by Heinlein in
1986 and classified as Class III LTR retrotransposons, Family
Mmr21_MaLR (mammalian apparent retrotransposons)
[14,15]. Mti10 has been previously detected in an ovary
selective cDNA library, constituting 3.3% of the 844-clone
library [16]. Mti7 was highly represented in a neonate
subtractive hybridization cDNA library [17,18]. To the best
of our knowledge, Mti7 appears to be the only retrotransposon
that has been detected in primordial and primary follicles to
date. In this paper, we describe the cloning, expression, and in
silico analyses of a related, novel oocyte-specific retrotranspo-
son. Intriguingly, we also report that transcript expression is
concomitant with the process of primordial follicle activation.
Results
Subtractive hybridization library analysis
In order to explore which genes may be important during the
early stages of primordial follicle development, we performed a
subtractive hybridization between 2-day neonate and 7-day
neonate ovaries which consist of primordial follicles and
primordial/primary follicles respectively. This provided a pool
of cDNAs that were up-regulated in primary follicles compared
with primordial follicles.
Sequencing of 93 random subtractive library clones revealed
the presence of one particularly highly expressed clone that
constituted approximately 27% of the library. A mouse BLAST
EST search was performed against a 502-bp representative
clone (truncated Mtfull: t-Mtfull) and matches occurred almost
exclusively with the unfertilized oocyte, two-cell embryo, and
early embryo/newborn ovary cDNA libraries [19,20]. BLAST
nucleotide analysis revealed ¨300 alignments with genomic
sequences, with the most highly significant (Bit scores >830)
matches occurring against non-annotated regions. Matches ofFig. 1. Schematic structure of Mtfull. (a) Mtfull is 1684 bp in length with 5V and 3VLT
with arrows and marked A and B. (b) Open reading frames of Mtfull. The longest pot
+1 and +2.marginally lower (Bit scores <800) significance occurred with
five annotated sequences including transposon-like elements
Mti7 and Mti10, as well as occurring over intronic regions of
the GM3 synthase, diadenosine triphosphate hydrolase, and
mouse T-cell receptor alpha genes.
RACE PCR and structural analysis
Five prime and 3V RACE PCR yielded a combined product
of 1684 bp in length. Identified within this sequence are the
retrotransposon features of 5V and 3V LTRs of 203 bp. The
sequence is punctuated by numerous stop codons, with the
longest open reading frame being 134 aa, with no Kozak
sequence detected (Fig. 1). A potential transcriptional start site
is present in the LTR regions (Fig. 2). No polyadenylation site
could be detected.
BLAST EST and nucleotide alignments
Nucleotide BLASTwith full-length Mtfull against the mouse
genome gave genomic matches in the order of 103, with matches
corresponding to the entire length of Mtfull as well as various
segments including middle sequences and LTR elements alone.
Genomic matches occurred on all chromosomes except chro-
mosome 19 and the Y chromosome. Sequencing of six full-
length clones generated a consensus sequence that gave the
highest mouse genome identity match across one region on
chromosome 6, GenBank Locus AC131700 (GenBank Acces-
sion No. AC131700), BAC clone RP24-67N3 over the region
47268 to 48891. This locus also contains a number of other
repetitive elements including MERs, LINE-1, B2, B4, and Alu
elements over ¨200 kb. A CpG island exists ¨130 kb
downstream of Mtfull.
BLAST mouse EST alignments of the full-length Mtfull are
provided in Table 1. Highest scoring matches occurring in the
same orientation as Mtfull were against cDNAs derived from
the following: the NIA 15K cDNA library, derived from pre-
and perimplantation embryos, E12.5 female gonad/mesoneph-
ros, and newborn ovary, a mammary tumor biopsy (NCI_C-
GAP_Mam2), and a mouse embryonic limb/maxilla/mandible
library (NIH_MGC_164). Rat EST high scoring alignments in
the orientation of Mtfull included adult ovary, testis, thymus,Rs of 215 bp (shaded regions). Probes used for expression studies are indicated
ential open reading frames are 134 amino acids in length and occur in both ORF
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matches were derived from pregnant uterus and placenta;
however, these were in opposite orientation to Mtfull.
BLAST analysis of Mtfull was also performed using the
NCBI transcript reference database to assess whether regions of
Mtfull were present in mRNAs of known function. The first 20
hits, with scores over 200 (E < 1045) included known mRNAs
as well as predicted and uncharacterized cDNAs. KnownMti5      1 ------------------------------------
Mti6      1 ------------------------------------
Mti7      1 ------------------------------------
Mti9      1 ------------------------------------
Mti10     1 ------------------------------------
Mtfull    1 GGGATGTTCTTTACTGGCTTGCCTCAGCCTGCTCTC
Mti5      1 ------------------------------------
Mti6      1 ------------------------------------
Mti7      1 ------------------------------------
Mti9      1 ------------------------------------
Mti10     1 ------------------------------------
Mtfull   81 AGGGGCCTTGCCGCCTTGATCACTAATTGAGAAAAT
Mti5      8 CCTTTCTCTGTGATAACTCCAGCTGTGTCAAGTTGA
Mti6      8 CCTTTCTCTGTGATAACTCCAGCTGTGTCAAGTTGA
Mti7      8 CCTTTCTCTGTGATAACTCCAGCTGTGTCAAGTTGA
Mti9      8 CCTTTCTCTGTGATAACTCCAGCTGTGTCAAGTTGA
Mti10     8 CCTTTCTCTGTGATAACTCCAGCTGTGTCAAGTTGA
Mtfull  161 CCTTTCTCTGTGATAACTCCAGCTGTGTCAAGTTGA
Mti5     88 CAAAAACATCACTAGTAAGCCTCAACCCTTACAATC
Mti6     88 CAAACACATCACTAGTAAGCCTCAACCCTTACATTC
Mti7     88 CAAACACATCACTAGTAAGCCTCAACCCTTACAATC
Mti9     88 CAAACACATCACTAGTAAGCCTCAATCCTTACATCC
Mti10    88 CAAACACATCACTAGTAAGCCTCAACCCTTACATTC
Mtfull  241 CAAACACATCACTAGTAAGCCTCAACCCTTACATTC
Mti5    166 TTTACATATTCTTAGATTTTCAATCTCTTTAAAATA
Mti6    168 TTTACATATTCTTAAAATTTCAATCTCTTTAAAATA
Mti7    166 TTTACATATGCTTAAAATTTCAATCTCTTTAAAATA
Mti9    168 TCTACATATTCTTAAAATTTCAATCTCTTTAAAATA
Mti10   168 TTTACATATTCTTAAATTTTCAATCTCTTTAAAATA
Mtfull  321 TTTACATATTCTTAAAATTTCAATCTCTTTAAAATA
Mti5    245 TCTTAACTGTGGGCTCCACTAAAACAGTTTCTTCCT
Mti6    247 TCTTAACTGTGGGCTCCACTAAAACAGTTTCTTC--
Mti7    245 TCTTAACTGTGGGCTCCACTAAAACAGTTTCTTCCT
Mti9    247 TCTTAACTGTGGGCTCCACTAAAACAGTTTCTTCCT
Mti10   247 TCCTAACTGTGGGCTCCACTAAAACAGTTTCTTCCT
Mtfull  400 TCTTAACTGTGGGCATCACTAAAACAGTTTCTTCCT
Mti5    324 GTCAATCTCCAACCGTCCAATGTCTGGGATCCAACT
Mti6    323 ATCAATCTACAACTGTCCAATCTCTGGGATCCAACT
Mti7    325 GTCAATCTCTAACCGTCCAATGTCTGGGATCCAACT
Mti9    327 GTCAATCTCCAACCGTCCAATGTCTGGGATCCAACT
Mti10   327 GTCAATCTCCAACCGTCCAATGTCTGGGATCCAACT
Mtfull  480 ATCAATCTCCAACCGTTCAATGTCTGGGATCCAACT
Mti5    404 CCATGCCCTTTGTAGCACACACATCATCCTCTAGGC
Mti6    403 CCATGCCCTTTGTAGCACACGCGTCATCCTCTAGGC
Mti7    405 CCAGGCCCTTTGTAGCACATGTGTCATCCTGTAGGC
Mti9    407 CCAGGCCCTTTGTAGCACACGCATCGTCCTCTAGGC
Mti10   407 CCATGCCCTTTGTAGCACACGCGTCATCCTCTAGGC
Mtfull  560 CCATGCCCTTTGTAGCACACGCGTCATCCTCTAGGC
Mti5    484 TCTCATGGTATTGGCATCTCCAAAACACTGCATGAC
Mti6    483 TCTCATGGTACTGGCATCTCCAAAACACTGCATGAC
Mti7    485 TCTCATGGTACTGGCATCTCCAAAACACTGCATGAC
Mti9    487 TCTCATGGTACTGGCATCTCCAAAACACTGCATGAC
Mti10   487 TCTCATGGTACTGGCATCTCCAAAACACTGCATGAC
Mtfull  640 TCTCATGGTACTGGCATCTCCAAAACACTGCATGAC
Mti5    564 ACTAATGGCCTTCCATGGCCTCTCACAGTGCCGAGC
Mti6    551 ACCAATGACCTTCCATGGCCTCTCACAGTGCCGAGC
Mti7    565 ACCAATGGCCTTCCATGGCCTCTCACAGTGCCAAGC
Mti9    567 ACCAATGGCCTTCCATGGCCTCTCACAGTACCGAAC
Mti10   567 ACCAATGGCCTTCCATGGCCTCTCACAGTGCCAAGC
Mtfull  720 ACCAATGGCCTTCCATGGCCTCTCACAGTGCCGAGC
Fig. 2. CLUSTWalignment of Mtfull and the reverse complements of Mti family me
the 5VLTRs is boxed and Mtfull 5V and 3VLTRs are marked with asterisks. The 5V end
with the Mtfull LTR. No LTR overlap occurs at the 3V end.mRNAs included serine protease inhibitor (Spint1), PDZ
domain-containing 6 (PDZk6), BRCA1 interacting protein
(Brip1), hyaluronan-mediated motility receptor (RHAMM),
pregnancy-specific glycoprotein 16, collectin subfamily mem-
ber 12, ceroid-lipofuscinosis neuronal 8 and cone-rod homeo-
box-containing gene (Crx). Matches incorporated both LTR
and non-LTR regions of Mtfull with the longest alignment
being only 347 bp.--------------------------------------------
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TTATAGAACCCAAGACAACCAGCCCAGAGATGGTCCCACCCACA
-------------------------------------TGAAGCT
-------------------------------------TGAAGCT
-------------------------------------TGAAGCT
-------------------------------------TGAAGCT
-------------------------------------TGAAGCT
GCCTTACAGCTGGATCTCATGGAGGCATATCCCCAACTGAAGCT
CACAAAACTAGCCAGTACAATTGACCCCTTGTCAACTTGACACA
CACAAAACTAGCCTGTACAATTGACCCCTTGTCAACTTGACACA
CACAAAGCTAGCCAGTACAATTGACCCCTTGTCAACTTGACACA
CACAAAACTAGCCAGTACAATTGACCCCTTGTCAACTTGACACA
CACAAAACTAGCCAGTACAATTGACCCCTTGTCAACTTGACACA
CACAAAACTAGCCAATACAACTGACCCCTTGTCAACTTGACACA
TTATTCATCCCCAT--TCTAAATAACTTTAAAAGTCCCACAGTC
TTATTCATCCCCAAGATCTAAATAACTTTAAAAGTCCCACAGTC
TTATTCATCCCCAT--TCTAAATAACTTTAAAAGTCCCACAGTC
TTATTCATCCCCAAGGTCTAAATAACTTTAAACGTCCCACAGTC
TTATTCATCCCCAAGATCTAAACAACTTTAAAAGTCCCACAGTC
TTATTCATCCCCAAGGTCTAAATAACTTTAAATGTCCCACAGTC
TCCATCTCTTTTAAAA-TCCAAAGTCTTTTTACAATTAAAAGTC
TCCATCTCTTTTAAAA-TCCAAAGTCTTTTTACAATTAAAAGTT
TCCATCTCTTTTAAAA-TCCAAAGTCTTTTTACAATTAAAAGTC
TCCATCTCTTTTAAAA-TCCAAAGTCTTTTTACAATTAAAAGTC
TCCATCTCTTTTAAAA-TCCAAAGTCTTTTTACAATTAAAAGTC
TCCATCTCTTTTAAAAATCCAAAGTCTTTTTA-AATTAAAAGTC
TCAAGAGGGAAAATATCAGGGCACAGTCAAAAGCAAA-GCAAAA
--AAGAGGGAAAATATCAGGGCACAGTCACAATCAAAAGCAAAA
TCAAGAGGGAAAATATCAGGGCACAGTCACAATCAAAAGCAAAA
TCAAGAGGGAAAATATCAGGGCACAGTCACAATCAAAAGCAAAA
TCAAGAGGGAAAATATCAGGGCACAGCCACAATCAAAAGCAAAA
TCAAGAGGGAAAATATCAGGGCACAGTCACAATCAAAAGCAAAA
CACGATCTTCTGGGCTCCTCCAAGGGCTTGGGTCACTTCTCCAG
TACGATCTTCTGGGCTCCTCCAAGGGCTTAGGTCACTTCTCCAG
CACGATCTTCTGGGCTCCTCCAAGGGCTTGGATCACTTCTCCAG
CACGATCTTCTGGGCTCCTCCAAGGGCTTGGGTAACTTCTCCAG
TACGATCTTCTGGGCTCCTCCAAGGGCTTGGGTCACTTCTCCAG
CACGATCTTCTGGGCTCCTCCAAGGGCTTGGGTCACTTCTCCAG
TCCAGATGCCTCTACCCCACTGCTGCTGCTGCTCTTGGTGGTCA
TCCAGATGCCTGTACTCCACTGCTGCTGCTGCTCTTGGTGGTCA
TCCAGACGCCTGTACTCCACTGCTGCTGCTGCTCTTGGTGGTCA
TCCAGATGCCTGTACCCCACTGCTGCTGCTGCTCTTGGTGGTCA
TCCAGATGCCTGTACTCCACTGCTGCTGCTGCTCTTGGTGGTCA
TCCAGATGCCTCTACTCCACTGCTGCTGCTGCTCTTGGTGGTCA
CCCTTCAGTCCTGGGCCTTCAATTGCAACTGAGGCTGCACCTTC
CCCTTCAGTCCTGGACCTTCAATTGCA------------CCTTC
CCCTTCAGTCCTGGGCCATCAATTGCAACTGAGGCTGCACTTTC
CCCTTCAGTCCTGGGCCTTCAATTGCAACTGAGGCTGCACCTTC
CCCTTCAGTCCTGGGCCATTAATTGCAACTGAGGCTGGACTTTC
CCCTTCAGTCCTGGGCCATCAATTGCAACTGAGGCTGCACCTTC
CTCAGCTGCTTTGCGTGACCCCTTCATGCCTTCAAAACCAGTAC
CTCAGCTGCTCTGTGTGACCCCTTCATGCCTTCAAAACCAGTAC
CTCAGCTGTTCTGCTCAACTCCTTCATGCCTTCAAAACCAGTAC
CTCAGCTGCTTTGCGTGACCCCTTCATGCCTTCAAAACCAGTAC
CTCAGCTGCTCTACTCAACTCCTTCATGCCTTCAAA-CCAGTAC
CTCAGCTGCTTTGCGTGACCCCTTCATGCCTTCAAAACCAGTAC
LTR * 
mbers Mti 5, 6, 7, 9, and 10. A potential transcriptional start site located within
of the reverse complement sequences of Mti family members align 98–100%
Mti9    647 CACCTGGGTGACCCTTACATATTACCAAGTCCCACTGCAGCAGGAG-TACATCCTTGGCCATCTCTGGAACACTGCCTCT
Mti10   646 CACCTGGGTGACCCTTACACATTACCAAGTCCAGCCACAGCACAAGGTACAACTTTGGCTATATCTGGAACACAGCCAC-
Mtfull  800 CACCTGGGTGACCCTTACATATTACCAAGTCCCACGGCAGCAGGAG-TACAACCTTGGCCATCTCTGGAACACAGCCTCT
Mti5    723 TTGTGCTTTCAGAAAATACTTCCCAGAAGATGTCACCTCAATGATGCTGGTCTCTTCTTAATCTCCACTAATTTCTTAGC
Mti6    710 TTGTGCTTTCAGAAAACACTTCCCAGAAGATGTCACCTCAACGATGCTGGTCTCTTCTTAATCACCACTAATTTCTTAGC
Mti7    724 -TGTGCTCTCAGAAAACACCTCCCAGAAGATGTCACCTCAATGATGCTGGTCTCTTCTTAATCACCGCTAATTTCTTAGC
Mti9    726 TTGTGCTTTCAGAAAACACTTCCCAGAAGATGTCACCTCAATGATGCTGGTCTCTTCTTAATCACCGCTAATTTCTTAGC
Mti10   725 -TGTGCTCTCAGAAAACACTTCCCAGAAGATGTCACCTCAATGATGCTGGTCTCTTCTTAATCACCGCTAATTTCTTAGC
Mtfull  879 TTGTGCTTTCAGAAAACACTTCC-AGAAGATGTCACCTCAATGATGCTGGTCTCTTCTTAATCACCGCTAATTTCTTAGC
Mti5    803 TCCAGCTAACCAGCATCAATAGTCCCAGTAATGCAAAGTTTTTGCTTTGGTAGTTCTGGTATCTTGTTAATCACAGCTGA
Mti6    790 TCCAGCTAACCAGCATCAATAGTCCCAGTAATGCAAAGTTTTTGCTTTAGTAGTTCTGGTATCTTGTTAATCACAGCTGA
Mti7    803 TCCAGCTAACCAGCATCAATAGTCCCAGTAATGCAAAGTTTTTGCTTTAGTAGTTCTGGTATCTTGTTAATCACAGCTGA
Mti9    806 TCCAGCTAACCAGCATCAATAGTCCCAGTAATGCAAAGTTTTTGCTTTGGTAGTTCTGGTATCTTGTTAATCACAGCTGA
Mti10   804 TCCAGCTAATCAGCATCAATAGTCCCAGTAATGCAAAGTTTTTGCTTTGGTAGTTCTGGTATCTTGTTAATCACAGCTGA
Mtfull  958 TCCAGCTAACCAGCATCAATAGTCCCAGTAATGCAAAGGTTTTGCTTTAGTAGTTCTGGTATCTTGTTAATCACAACTGA
Mti5    883 TTCTTCAGCCCCAGCTAACCAGAACTACAGAATCTTCACATTC-AAAACAGCAATGGCCCTGAAA-GAGTCTTTAATTTT
Mti6    870 TTCTTCAGCCCCAGCTAACCAGAACTACACAATCTTCACAATC-AAAACAGCAATGGCCCTGAAAAGAGTCTTTAATTTT
Mti7    883 TTCTTCAGCCCCAGCTAACCAGAACTACAGAATCTTCACAATC-AAAGCAGCAATGGCCCTGAAAAGAGTCTTTAATTTT
Mti9    886 TTCTTCAGCCCCAGCTAACCAGAACTACAGAATCTTCACAAAC-AAAACAGCAATGGCCCTGAAAAGAGTCTTTAATTTT
Mti10   884 TTCTTCAGCCCCAGCTAACCAGAACTACAGAATCTTCACAATC-AAAACAGCAATGGCCCTGAAAAGAGTCTTTAATTTT
Mtfull 1038 TTCTTCAGTCCCAGCTAACCAGAACCACAGAATAATCAAACTCCAAAATAGCAATGTCCCTGAAAAGAGTCTTTAATTTT
Mti5    961 CCCTCTGAAATTTCACAAACCAGACCTCTGTCTTCTGCAGTATTCTCAACATTATCTTCCAAGCTCCTACACAACATCTG
Mti6    949 CCCTCTGAAATTTCACAAACCAAACCTCCATCTTCTGCAGTGTTCTCAACATTATCTTCCAAGCTCCTACACAACATCTG
Mti7    962 CCCTCTGAAATTTCACAAACCAAACCTCCATCTTCTGCACTGTTCTCAACATTATCTTCCAAGCTCCTACACAACATCTG
Mti9    965 TCCTCTGAAATTTCACAAACCAGAGCTCCATCTTCTGCAGTGTTCTCAACATTATCTTCCAAGCTCCTACATGACATCCG
Mti10   963 CCCTCTGAAATTTCACAAGCCAGGCCTCCATCTTCTACACTGTTCTCAACATTATCTTCCAAGCTCCTACACAACATCCC
Mtfull 1118 CCCTCTGAAACTTCACAAGCCAGGCCTCCATCTTCTGCACTGTTCTCAACATTATCTTCCAAGCTCCTACACAACATCCG
Mti5   1041 ACAGAGCTCTTAACAACGGATGGATCTTCAAGCCCAAAGTTCCAAAGTCCTTCCACAGTCCTCCCCAAAACATGGTCAGG
Mti6   1029 ACAGAGCTCTTAACAATGGATGGATCTTCAAGCCCAAAGTTCCAAAGTCCTTCCATAGCCCTCCCCAAAACATGGTCAGG
Mti7   1042 ACAGAGCTCTTAACAACGAATGGATCTTCAAGCCCAAAGTTCCAAAGTCCTTCCACAATCCTCCCCAGAACATGGTCAGG
Mti9   1045 ACAGAGCTCTTAACAACGGATGGATCTTCAAGCCCAAAGTTCCAAAGTCCTTCCACAGTCCTCCCCAAAACATGGTCAGA
Mti10  1043 ACAGAGCTCTTAACAACGAATGGATCTTCAAGACCAAAGTTCCAAAGTCCTTCCACAGACCTCCCCAAAACATGGTCAGG
Mtfull 1198 ACAGAGCTCTTAACAACGAATGGATCTTCAAGCCCAAAGTTCCAAAGTCCTTCCACAGTCCTCCCCAAAACATGGTCAGG
Mti5   1121 TTGTCACAGGAATACCCCACTCTGCTGGTACCAATTTGTCTTAGTCAGGGTTTCTATTCCTGCACAAACATCATGACCAA
Mti6   1109 TTGTCACAGGAATACCCCACTCTGCTGGTACCAATTTGTCTTAGTCAGGGTTTCTATTCCTGCACAAACATCATGACCAA
Mti7   1122 TTGTCACAGGAATACCCCACTCTGCTGGTACCAATTTGTCTTAGTCAGGGTTTCTATTCCTGCACAAACATCATGACCAA
Mti9   1125 TTGTCACAGGAATACCCCACTCTGCTGGTACCAATTTGTCTTAGTCAGGGTTTCTATTCCTGCACAAACATCATAACCAA
Mti10  1123 TTGTCACAGGAATACCCCACTCTGCTGGTACCAATTTGTCTTAGTCAGGGTTTCTATTCCTGCACAAACATCATGACCAA
Mtfull 1278 TTGTCACAGGAATACCCCACTCTGCTGGTACCAATTTGTCTTAGTCAGGGTTTCTATTCCTGCACAAACATCATGACCAA
Mti5   1201 AAAGCAAGTTGGGGAGGAAAGGGTTTAA----------------------------------------------------
Mti6   1189 GAAGCAAGTTGGGGAGGAAAGGGTTTA-----------------------------------------------------
Mti7   1202 GAAGCAAGTTGGGGAGGAAAGGGTTTA-----------------------------------------------------
Mti9   1205 GAAGCAAGTTGGGGAGGAAAGGGTTTA-----------------------------------------------------
Mti10  1203 GAAGCAAGTTGGGGAGGAAAGGGTTTA-----------------------------------------------------
Mtfull 1358 GAAGCAAGTTGGGGAGGAAAGGGTTTATTCGGCTTACACTTCCATGCTGCTGTTCATCACCAAAGGAAGTCAGGACTGGA
Mti5        --------------------------------------------------------------------------------
Mti6        --------------------------------------------------------------------------------
Mti7        --------------------------------------------------------------------------------
Mti9        --------------------------------------------------------------------------------
Mti10       --------------------------------------------------------------------------------
Mtfull 1438 ACTCAAGCAGGTCAGGGAGCAGGAGCTGATGCAGAGGCCATGGAGGGATGTTCTTTTCTGGCTTGCCTCAGCCTGCTCTC
Mti5        --------------------------------------------------------------------------------
Mti6        --------------------------------------------------------------------------------
Mti7        --------------------------------------------------------------------------------
Mti9        --------------------------------------------------------------------------------
Mti10       --------------------------------------------------------------------------------
Mtfull 1518 TTATAGAACCCAAGACAACCAGCCCAGAGATGGTCCCACCCACAAGGGGCCTTGCCGCCTTGATCACTAATTGAGAAAAT
* LTR 
Mti5    644 CACCTGGGTGACCCTTACATGTTACCAAGTCCTGCTGCAGCAGGAG-AACAACCTTGGCCATCTCTGGAACACAGCCTCT
Mti6    631 CACCTGGGTGACCCTTACATATTACCAAGTCCCGCTGCAGCAGGAG-TACAACCTTGGCCATCTCTGGAACACAGCCTCT
Mti7    645 CACCTGGGTGACTCTTACACATTACCAAGTCCAGCCACAGCACAAGGTACAACTTTGGCTATATCTGGAACACAGCCAC-
Mti5        -------
Mti6        -------
Mti7        -------
Mti9        -------
Mti10       -------
Mtfull 1678 CACAAAA
Mti5        --------------------------------------------------------------------------------
Mti6        --------------------------------------------------------------------------------
Mti7        --------------------------------------------------------------------------------
Mti9        --------------------------------------------------------------------------------
Mti10       --------------------------------------------------------------------------------
Mtfull 1598 GCCTTACAGCTGGATCTCATGGAGGCACATCCCCAACTGAAGCTCCTTTCTCTGTGATAACTCCAGCTGTGTCAAGTTGA
Fig. 2 (continued ).
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Table 1
BLAST EST matches with Mtfull against mouse, human and rat EST libraries
Subject
GenBank
ID
cDNA source %
Indentity
Alignment
length (bp)
Direction Mtfull
start
(base no.)
Mtfull
end
(base no.)
Subject
start
(base no.)
Subject
End
(base no.)
E.
Value
Bit
Score
BG070466.1 11 Emb libraries + 99 726 P/P 1 726 89 813 0 1360 Y
1 newborn ovary library
BU522190.1 Mammary Tumor biopsy 94 900 P/P 543 1436 1 897 0 1336 N
BG070970.1 11 Emb libraries + 97 766 1 765 126 884 0 1320
1 newborn ovary library Y
BY725881.1 In vitro fertilised egg 99 667 P/M 827 1493 665 2 0 1265
BQ920607.1 Mammary Tumor biopsy 95 831 P/P 679 1507 1 827 0 1263 Y
BY720178.1 In vitro fertilised egg 99 674 P/M 822 1495 671 1 0 1257 Y
CO804023.1 Oocyte: Antral ooyctes 96 770 P/M 434 1202 781 13 0 1249 N
& ovulated oocytes
BG068775.1 11 Emb libraries + 97 744 P/P 168 909 6 748 0 1245 Y
1 newborn ovary library
CA979858.1 Mouse embryonic limb, 94 833 P/P 283 1111 11 837 0 1213 N
maxilla and mandible
BI686214.1 Mammary Tumor biopsy 96 759 P/M 636 1391 755 1 0 1211 N
BI736408.1 Retina 95 761 P/M 96 855 749 1 0 1185 Y
BG864901.1 Mammary Tumor biopsy 95 749 P/P 462 1209 1 747 0 1176 N
BI101128.1 Kidney 94 858 P/M 642 1490 854 1 0 1162 Y
AA619833.1 2-cell embryo 98 626 P/M 532 1157 626 1 0 1146 N
CA558565.1 Unfertilised egg 99 617 P/M 872 1487 617 1 0 1144 Y
BQ203455.1 Spinal chondrosarcoma 90 348 P/M 862 1208 429 84 0 381 N
BQ203455.1 86 137 P/M 692 828 591 465 4E-27 131 N
CF979083.1 Retinal Ganglion Cells 90 306 P/M 1018 1323 656 354 1E-91 345 N
CB724960.1 16dpc & 14dpc in vitro
cortex
88 312 P/M 1047 1354 311 1 3E-77 297 N
CB724960.1 83 237 P/M 755 988 593 363 9E-25 123 N
CK598158.1 Adult testis 94 191 P/P 1314 1503 228 418 1E-70 276 Y
CK598158.1 89 102 P/P 110 210 581 681 1E-17 99.6 Y
CK598158.1 85 108 P/P 14 120 424 527 5E-08 67.9 Y
BE117381.1 13dpc embryo 82 206 P/P 1 200 131 335 1E-17 99.6 Y
CV105375.1 Thymus 94 161 P/P 1343 1503 175 335 2E-62 248 Y
CO389039.1 Adult ovary 91 176 P/P 1314 1489 387 562 1E-54 222 Y
CV806863.1 Blastocyst inner cell mass 96 716 P/M 14 728 713 1 0 1158 Y
BX359886.2 Placenta 95 543 P/M 14 555 553 16 0 813 Y
BX359886.2 99 194 P/M 1314 1507 748 555 1E-101 377 Y
BX359886.2 94 190 P/M 1495 1684 553 366 4E-68 266 Y
AI192067.1 Pregnant uterus 95 319 P/P 1366 1684 14 330 6E-138 498 Y
AI192067.1 98 242 P/P 1 242 129 369 3E-118 432 Y
BX359902.1 Placenta 95 193 P/P 1314 1506 273 465 3E-87 329 Y
BX359902.1 85 48 P/P 1635 1682 613 660 7E-05 56 Y
AA128928.1 Ntera-2/RA+MI
neuroepithelial cells
94 193 P/P 23 215 134 325 1E-74 287 Y
LTRs
Orientation of transcripts relative to Mtfull are given as plus/plus (P/P) or plus/minus (P/M). Matches in the same orientation of Mtfull and incorporating regions of
Mtfull LTRs are shaded.
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members [22] provided a 96% match with MTA across the 3V
LTR region of Mtfull, extending upstream of the identified 3V
LTR (Fig. 3). Alignment of Mtfull with other Mti family
members is given in Fig. 2. Mti family members vary from 1215
to 1231 bp in length and do not have symmetrical 5V and 3VLTRs,
with Mti sequences overlapping the 5V LTR of Mtfull by only
49 bp.
Northern and in situ hybridizations
Mtfull mRNA expression was assessed using Northern
hybridization with two probes designed to distinguishbetween the full-length Mtfull and Mti family members
(Fig. 1). Probe A was designed to anneal to the LTR regions
unique to Mtfull, whereas Probe B was designed to anneal
with the internal portion common to Mtfull and Mti family
members. Probe A detected a band of approximately 1.7 kb
and Probe B detected bands of both ¨1.7 and ¨1.2 kb. Both
probes detected bands only in ovarian tissue, with a distinctly
higher level of expression of each in neonate ovary RNA
compared with that of adult ovary RNA (Fig. 4). The 1.7-kb
transcript was present in much greater abundance than the
1.2-kb transcript.
In situ hybridization performed with DIG-labeled RNA
corresponding to Probe A further localized the Mtfull to the
MTA       1 TGTCTTAGTCAGGGTTTCTATTCCTGCACAAACATCATGACCAAGAAGCAAGTTGGGGAGGAAAGGGTTTATTCGGCTTA
Mtfull    1 -GTCTTAGTCAGGGTTTCTATTCCTGCACAAACATCATGACCAAGAAGCAAGTTGGGGAGGAAAGGGTTTATTCGGCTTA
MTA      81 CACT-CCATACTGCTGTTCATCACCAAAGGAAGTCAGGACTGGAACTCAAGCAGGTCAGGAAGCAGGAGCTGATGCAGAG
Mtfull   80 CACTTCCATGCTGCTGTTCATCACCAAAGGAAGTCAGGACTGGAACTCAAGCAGGTCAGGGAGCAGGAGCTGATGCAGAG
MTA     160 GCCATGGAGGGATGTTCTTTACTGGCTTGCCTCCCCTGGCTTGCTCAGCCTGCTTTCTTATAGAACCCAAGACTACCAGC
Mtfull  160 GCCATGGAGGGATGTTCTTTTCTGGCTTGCCTC-------------AGCCTGCTCTCTTATAGAACCCAAGACAACCAGC
MTA     240 CCAGAGATGGTACCACCCACAAGGGGCCTTTCCCCCTTGATCACTAATTGAGAAAATGCCTTACAGTTGGATCTCATGGA
Mtfull  227 CCAGAGATGGTCCCACCCACAAGGGGCCTTGCCGCCTTGATCACTAATTGAGAAAATGCCTTACAGCTGGATCTCATGGA
MTA     320 GGCATTTCCTCAACTGAAGCTCCTTTCTCTGTGATAACTCCAGCTTGTGTCAAGTTGACACAAAACTAGCCAGTACA 
Mtfull  307 GGCACATCCCCAACTGAAGCTCCTTTCTCTGTGATAACTCCAGCT-GTGTCAAGTTGACACAAAA------------ 
*
Fig. 3. Alignment of the MTA LTR consensus sequence with the 3V end of Mtfull. This high level of identity suggests that Mtfull is a member of the MTA class of
MaLR retrotransposons. The start of the 3VLTR that we have determined is marked with an asterisk.
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including primordial follicles with a marked increase in
expression levels in activated follicles. Adult tissue was also
assessed, with transcript detected at all follicle stages including
antral stage oocytes (Fig. 5).
Discussion
Mtfull is a novel member of the Mt-retrotransposon family
Wehave a detected a highly expressed noncoding RNAwithin
oocytes that appears to constitute another member of the Mt
retrotransposon family. The transcript is highly similar to the Mt
members within its internal region, but unlike theMt members, it
contains substantially longer LTR regions. Although we initiallyFig. 4. Expression profile of Mtfull and Mti family in mouse tissue. Northern
hybridization analysis revealed specific expression of Mtfull and Mti in ovarian
tissue across the range of tissues assessed using Probe A (A), Probe B (B), and
beta-actin probe (C) as a loading control. Lane 1, 7-day ovary; lane 2, 2-day
ovary; lane 3, adult ovary; lane 4, 7-day spleen; lane 5, 7-day lung; lane 6, 7-
day heart; lane 7, 7-day kidney; lane 8, 7-day liver; lane 9, adult testis; lane 10,
adult brain.estimated that Mtfull constituted approximately 27% of our
subtractive hybridization library, it is likely this calculation
represents the percentage of theMt family collectively as isolated
clones were truncated. Peaston et al. [13] estimated that total Mt
family members constituted over 12% of the full-grown oocyte
mRNA pool. Our higher estimate may reflect the differing
developmental stages of the oocytes examined-early follicles
may in fact have a higher proportion ofMts present. Investigation
of Mtfull transcript size was undertaken in light of the lack of
RNA-derived Mt sequence information available. Furthermore,
the oocyte-specific expression of Mtfull and the detection of
LTRs as part of Mtfull, which have the potential to act as
regulators of transcription, made this gene product of interest to
us in relation to the control of primordial follicle activation.
Two previous reports demonstrate the existence of Mti7
and Mti10 in oocyte/ovarian cDNA libraries [16,18]. How-
ever, the authors appear to have presumed that the cDNA
sequences detected in these libraries were definitively Mti7
and Mti10 as they exist in GenBank (GenBank Accession No.
U17089 and U17091, respectively) with no reported confir-
mation of the full-length clone size. Our study differs in that the
clone we derived was used as a template for RACE PCR, thus
obtaining the longest transcript present, as opposed to relying
solely on GenBank genomic sequence data. Although Mti7 and
Mti10 were identified as matches from the original truncated
Mtfull (t-Mtfull), we were prompted to determine whether a
longer transcript existed, based on three criteria: (i) the
opposite orientation of our clone to Mti members, (ii) the
presence of higher scoring genomic sequence matches than that
of Mti 7 and Mti10 sequences, and (iii) the lack of a
symmetrical LTR region in Mti7 and Mti10 in such an
obviously repetitive, and therefore retrotransposon-like se-
quence. Considering the lack of similarity to the SINES and
LINES, which collectively make up over 27% the mouse
genome, the next most highly represented transposable element
family to which Mtfull was likely to belong was that of the
LTR retrotransposon family [8].
The RACE PCR product obtained was of similar size to the
transcript detected by Northern analysis using probe A.
However, the use of the internal probe B indicates that Mti-
like transcripts of ¨1.2 kb are also present in ovarian tissue,
indicating that Mti family members may indeed be transcribed,
as reported [16,18]. It should be noted that the 1.7-kb transcript
Fig. 5. In situ hybridization analysis of Mtfull in mouse ovarian tissue. Paraformaldehyde-fixed 7-day ovarian tissue probed with antisense (A) and sense (B) probes.
Adult ovarian tissue antisense (C) and sense (D) hybridizations. Mtfull transcript is present at low levels in primordial follicles and is highly expressed in activated
growing follicles. Pr, primordial follicle; Pm, primary follicle; A, antral follicle.
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transcript.
Mtfull, like other MaLRs, lacks long open reading frames.
Members of the MaLR family also have the defining features
of long terminal repeats, primer-binding sites, and a polypurine
tract [15]. Alignment of Mtfull with the MaLR-LTR consensus
sequences identified by Smit [22] suggests that Mtfull is a
member of the MTA family. Interestingly, Mtfull is in the
antisense orientation to the MTA consensus sequence, which
has a predicted polyadenylation sequence as well as a TATA-
box. Although Mtfull appears to lack the former, there is a
potential TATA-box. Despite our inability to detect a poly-
adenylation signal, the fact that Mtfull was derived from an
oligo(dT)-primed cDNA library suggests that Mtfull is indeed
polyadenylated.
Additionally, alignment of Mtfull with the MTA consensus
sequence suggests that Mtfull has a 3V LTR region of at least 382
bp. The highest matching genomic sequence on chromosome 6
extends Mtfull 5V by 167 bp with 98% identity to the region
directly upstream of the Mtfull transcript-derived 3V LTR,
suggesting that there may in fact be a longer Mtfull transcript.
Whether this is present in the ovary requires further investigation
and cannot be concluded from our Northern analysis.
Mtfull expression is restricted to the female germ cell
The screening of a mouse multitissue panel using Northern
hybridization revealed that both Mtfull and related Mti family
members were ovarian-specific across the tissues examined.
Our expression pattern is unlike that of Mti7, where Park et al.
report the detection of a 1.2-kb band, but in numerous tissues
[18]. Our expression pattern is in agreement with the EST
screening results where we detected Mtfull in neonatal ovary,
oocyte, and fertilized egg cDNA libraries. We cannot conclu-sively report Mtfull as being oocyte-specific due to the limited
number of tissues examined on the Northern blot (Fig. 4).
Perusal of the databases revealed other EST matches in retina;
moreover, mammary tumor cells appear to express a Mtfull-
related transcript that includes parts of the LTRs. This limited
expression suggests that Mtfull may play important develop-
mental roles. Interestingly, Mtfull-like LTR sequences are also
expressed in rat male and female reproductive tissues as well as
thymus, in the same orientation, as well as oppositely oriented
internal regions in other cell types (Table 1). Oppositely
oriented Mtfull internal and LTR regions are present in human
blastocyst and placental tissues. Whether these ESTs contain
Mtfull, Mti7, or other MTA family members and whether they
all perform similar developmental roles remains to be
determined. A similar argument may also apply in human,
considering the presence of oppositely oriented transcripts
incorporating Mtfull LTRs, within human embryonic and
placental tissues.
It is clear that Mtfull is appears to be the predominant Mt-
family transcript present in ovarian tissue as determined by
Northern blotting. The in situ pattern of expression suggests a
low level of expression in resting primordial follicle oocytes
with a higher level of expression in activated follicles. This pa-
ttern agrees with that determined by Park et al. [18]; however,
caution must be observed in interpretation of these results as one
would expect the sense Mti7 probe to detect Mtfull expression.
However, as Mtfull is 94% homologous to Mti7 over its internal
region, the higher stringency hybridization conditions used by
Park et al. may have allowed only for Mti 7 detection [18].
The thousands of copies of Mtfull across the mouse genome
is consistent with the calculation that MalR elements constitute
approximately 4.8% of the mouse genome [8]. It is not known,
however, from which site or sites within the genome the
retrotransposon transcripts are derived, although analysis of
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there is a likely region on chromosome 6 from which the Mtfull
transcript is derived based on a closest identity match.
A predicted regulatory role for Mtfull in the developing female
germ cell
The germ-cell specific expression pattern of Mtfull is, in the
first instance, reminiscent of other murine repetitive elements
including the non-LTR retrotransposons, the LINE-1 elements
[23], and the IAP elements [24]. Such a specific pattern of
expression is predicted to allow for the generation of genetic
diversity by allowing activity within the germ cell while
suppressing the possible negative effects associated with retro-
transpositional insertion in somatic cells [24]. Mechanisms
controlling the differential expression ofMtfull may be related to
regulatory regions within the 5V LTR responding to germ cell-
specific signals, or may be a result of the element being located
downstream of active enhancers [24]. Regulation via CpG
methylation may also influence Mtfull expression patterns
[25,26]. LINE-1 elements have been detected at specific male
and female germ cell stages in addition to androgen-producing
cells including the synctiotrophoblast cells of the placenta [23].
EST matches also suggest that expression of Mtfull occurs
following activation of the embryonic genome. Despite expres-
sion in somatic cells that may be perceived as potentially
negative for the organism, it is clear that transposable elements
can be under tightly controlled patterns of spatial and temporal
regulation and may be important in germ cell development and/
or maintenance of genetic diversity of a species.
Park et al. [18] used RNA interference to knockdown Mti7
in the mature oocyte and zygote using microinjection of >400-
bp dsRNA. However, the specificity of the knockdown is
questionable as long dsRNA must first be spliced by Dicer to
¨20-bp fragments, so it is quite possible that knockdown of
other Mt family member including Mtfull occurred. An
increase in oocytes arrested at the germinal vesicle (GV) stage
was observed, despite relatively similar levels of Mti transcript
knockdown between these GV oocytes and those that pro-
gressed to GV breakdown. Abnormal morphology also
resulted, suggesting a role for Mti7 in chromosome condensa-
tion and nuclear membrane breakdown. A knockdown ap-
proach targeting a region of the Mtfull sequence that is unique
will be required to determine definitively the role of Mtfull in
the mouse oocyte and ovary.
Peaston et al. [13] reported that TEs, most notably the Mt
family, form chimeric transcripts with a variety of genes within
oocytes and pre-implantation embryos. The expression of these
transcripts was suggested to be under the control of the Mt
LTRs, and their expression thought to be important in the
development of the oocyte. MTA members contributed 27% of
chimeric transcripts. As Mtfull is a member of the MTA family,
the Mtfull LTR may act as an alternative promoter in this
manner; however, whether this is the predominant functional
role for Mtfull is unlikely. We were unable to detect multiple
bands on our Northern analysis with the LTR-specific probe as
would have been expected if Mtfull LTRs contributed tochimeric transcripts. According to Peaston et al., MTA
chimeric transcripts constitute nearly 1% of 3000 of the most
abundantly expressed identified gene transcripts in the fully
grown oocyte cDNA library. Whether this level of represen-
tation is beyond the sensitivity of Northern analysis remains to
be elucidated.
An intriguing addition to the regulatory role of this family of
retrotransposons is the detection of segments of Mtfull,
including both the internal region as well as the LTRs, and/or
Mti family members, in the 3V-untranslated regions (3V-UTRs)
of a number of known transcripts. Moreover, while these
transcripts have not been detected in oocyte cDNA libraries,
they have been detected in embryos at various stages of
development. It is possible that Mtfull is interacting with these
transcripts to inhibit translation in the oocyte, yet ceasing
interaction once the zygotic genome is activated to allow
coordinated and specifically timed expression of various
transcripts in the embryo. As the 3V-UTR matches occur in
both orientations of Mtfull, one could suggest that an RNA
interference mechanism is involved in this process. RNAi
components are present and functional in oocytes [10,27,28].
Evidence exists for the expression of transcripts corresponding
to portions of Mtfull in the opposite orientation including Mti
and other transcripts (Table 1). Formation of double-stranded
Mtfull RNA that is cleaved to form siRNAs by Dicer to enter
the RNAi pathway may allow for the degradation of mRNA
with homologous sequence, whether sense or antisense to
Mtfull [29,30].
There is no apparent similar trend in the expression of genes
that contain Mtfull within intronic regions. However, we
cannot rule out the possibility that transcripts of these genes
with alternate Mtfull LTR promoters exist or that TE intronic
insertion plays some other regulatory role in the oocyte and
early embryo.
In conclusion, we have cloned and confirmed the existence
of an oocyte-specific transcript corresponding to a novel Mt-
retrotransposon family member in the neonatal murine ovary.
The increase in expression of the transcript following ovarian
follicle activation and the presence of known mRNAs with
partial Mtfull 3V insert sequences in embryonic transcripts
suggests that Mtfull may have a crucial role in early
folliculogenesis and possibly embryonic development. This
concurs with recent findings that highlight the importance of
retrotransposon sequences in gene regulation within germ cells.
Future directions involving the use of RNA interference via
lentiviral transduction of neonatal ovaries in vitro, may aid in
understanding the role Mtfull plays in follicle activation and
early ovarian development.
Materials and methods
The use of animals for this study was approved by the University of
Newcastle Animal Care and Ethics Committee.
Chemicals
Unless otherwise specified, all chemicals were purchased from Sigma-
Aldrich (NSW, Australia).
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Neonate or adult Swiss White mice were euthanized via decapitation or
asphyxiation, respectively, and organs were removed and snap frozen in liquid
nitrogen. RNA was extracted from tissues using Trizol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s directions.
Subtractive hybridization
Double-stranded cDNA was produced from 1 Ag of total RNA using the
Super SMART PCR cDNA Synthesis Kit (Clontech, Palo Alto, CA, USA)
prior to subtractive hybridization. A forward subtraction was performed using
7-day ovary cDNA as the tester and 2-day ovary cDNA as the driver.
Subtraction efficiency was confirmed via PCR amplification of the housekeep-
ing gene G3PDH in diluted subtracted and nonsubtracted samples. cDNAs
were cloned into pGEMt-Easy (Promega, Madison, WI, USA) prior to
sequencing. Sequencing was performed by the Biomolecular Research Facility
(Newcastle, Australia).
Full-length PCR
RACE PCR was performed on 7-day ovary cDNA using the SMART
RACE PCR Kit (Clontech); 5V RACE PCR was performed using the primer 5V-
gagaccagcatcattgaggtgacatc-3V and 3V RACE PCR was performed using the
primer 5V-caaagtccttccacagtcctcccc-3V. Nested PCR was performed on an
aliquot of the 3V primary product using the primer 5V-tggtcaggttgtcacaggaa-
taccc-3V. PCR products were ligated into pGEM-T Easy prior to sequencing.
Full-length product primers were subsequently designed from this sequence
data, 5V-gggatgttctttactggcttgc-3V and 5V- atgcctccatgagatccagct-3V, which were
used to amplify a near-full-length Mtfull product using Advantage 2 Taq
Polymerase (Clontech) according to the manufacturer’s directions. Full-length
sequence data were determined using sequencing primers (forward inserted
products: 5V-ggctccagatgcctctactcc-3V, reverse inserted products 5V-
ctggttagctgggactgaaga-3V with the 3V extreme end of Mtfull determined by
sequencing with vector-specific primers from 3V RACE PCR clones).
Northern blot
Probe A was prepared from bases 1 to 144 of full-length Mtfull via
amplification from full-length Mtfull product using primers 5V-gggatgttctt-
tactggcttg-3 and 5V atgcctccatgagatccagct-3V followed by cloning into pGEM-T
Easy. Probe B consisted of the t-Mtfull clone obtained directly from the
subtractive hybridization library and cloned into pGEM-T Easy. One hundred
nanograms of digested insert was labeled with [32P]dCTP using the Prime-a-
Gene labeling kit (Promega) via random hexanucleotide priming to produce a
double-stranded probe. Multitissue RNA membranes were incubated with
probe overnight at 42-C prior to washing at 52-C for 2 30 min and analyzed
by a Bio-Rad Molecular Imager FX (Bio-Rad, Richmond, CA, USA).
In situ hybridization
Probes were prepared using PCR amplification from the Probe A insert in
pGEM-T Easy using primers 5-acgacggccagtgaattg-3V and 5V-accatgattacgc-
caagct-3V. PCR products were gel-purified using the Wizard Purification Kit
(Promega). Three hundred nanograms of PCR product was transcribed using Sp6
or T7 polymerase incorporating digoxygenenin-labeled ribonucleotides (Roche
Molecular Biochemicals, Mannheim, Germany). Hybridization was carried out
on paraformaldehyde-fixed, paraffin-embedded tissue sections. Briefly, de-
waxed sections were washed twice in PBS, incubated in PBS/Triton-X for 15
min, and rinsed in PBS. Tissue was then washed twice for 5 min in 0.1 M
triethanolamine buffer (pH 8)/0.25% acetic anhydride, followed by a PBS rinse.
Sections were covered with prehybridization buffer (4 SSC, 50% deionized
formamide) and incubated at 37-C for 10 min. Probe (100 ng) in hybridization
buffer (40% formamide, 10% dextran sulfate, 1 Denhardt’s solution, 4 SSC,
10 mM dithiothreitol, 1 mg/ml tRNA) was denatured at 80-C for 5 min and then
placed on ice for 10 min. Approximately 10 Al of sense or antisense denatured
probe in hybridization buffer was added to ovarian sections, covered with aSurfasil-coated coverslip (Pierce Chemical Co., Rockford, IL, USA), and sealed
with rubber cement. Following overnight incubation at 50-C, slides were washed
twice in 2 SSC/50% formamide at 50-C for 15min and then twice in 1 SSC at
room temperature for 15 min. Probe detection was performed using an alkaline
phosphatase-conjugated anti-DIG antibody (DAKO, Glostrup, Denmark)
(1:500) incubated on the sections for 1 h at 37-C in blocking buffer (100 mM
Tris-HCl, 150 mM NaCl, 0.5% BSA). Sections were then rinsed in wash buffer
(100 mM Tris-HCl, 150 mM NaCl, 0.05% Tween) three times and rinsed in
detection buffer (100 mMTris-HCl, 100 mMNaCl, 10 mMMgCl2 [pH 8]) twice
for 10 min at room temperature. Following incubation in NBT/BCIP (Roche
Molecular Biochemicals), sections were counterstained with hematoxylin,
mounted, and photographed.
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